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ABSTRACT.    At the request of the Air Force Systems 
Command, a preprototype version of the 62ftA motor, 
vith a single center segment plus end closures, was 
Inpacted into a massive concrete, steel, and earth 
target at a velocity of 667 fps to determine the 
hazard potential of the motor. Photographic data 
showed extensive grain breakup from the impact, and 
blast-gage data indicated a low range of overpres- 
sure and impulse forces. Fragaents of motor case 
were thrown to 2,500 ft, and pieces of burning pro- 
pellent were thrown to 3>000 ft. 

This report presents a description of the test 
setup, procedures, results, and conclusions. 
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FOREWORD 

On 13 June 136h,  a preprototype, heavy case, static firing version 
of the 62^A solid-propellent motor was impacted against a concrete, 
steel, and earth target at a velocity of 667 fps off the muzzle of the 
Supersonic Havel Ordnance Research Track (SNORT). The test was con- 
ducted to aid in evaluating the potential hazard of the motor when used 
as the booster of a Titan III C missile. 

Thi3 report, which has been reviewed and approved by the Space 
Systems Division, presents a description of the test setup, procedures, 
results, and conclusions. 
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INTRODUCTION 

This report documents a test conducted on the Supersonic Naval 
Ordnance Research Track (SNORT),   at the request of the Space Systems 
Division of the Air Force Systems Command,  to obtain information relat- 
ing to the hazard potential of the 62*tA solid-propellant motor.    (Two 
multisegment 62*tA motors are to be used as the zero stage of the Titan 
III C vehicle.) 

The test item, a preprototype, heavy case, static firing version of 
the 62kA motor equipped with a single center segment, was impacted at a 
velocity of 667 fps into a concrete, steel, and earth target placed 100 
ft from the muzzle end of the track. The test approximated a fall-back 
condition from an altitude in excess of 10,000 ft with impact on a hard 
surface. 

Test setup,  procedures,  results,   and conclusions are described 

<*xfi m 

below. 

TEST SETUP 
i|fe 

Test Item 

The motor tested was manufactured by the United Technology Center, 
Sunnyvale, California.    It differed from flight hardware in that it had 
a heavier motor case, was equipped with only one cylindrical center seg- 
ment instead of five,  and was, therefore,  considerably shorter than the 
actual stage-zero motor complex of Titan III C.    The test motor was 120 
in. in diameter, approximately 16 ft long (without the nozzle),  end had 
a 3 A-in.  steel case.    It had a forward and an aft closure, both <tf which 
had skirt? that allowed, the sled rings to be bolted to the test Itea; an 
igniter and igniter adapter;  a nozzle having a 6-dcg upward cant; and one 
cylindrical segment.    Component weights were as follows: 
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Loaded cylindrical segment 
Loaded forward closure 
Loaded oft closure 
Igniter adapter 
Igniter (RP-3) 
Nozzle 
Miscellaneous motor hardware 

Total motor weight 

Total propellant weight (before firlng) 

Approximate propellant weight at impact 

77,805 lb 
23,860 
23,211 

160 
122 

3,202 
150 

128,510 lb 

92,5^3 

82,000 

Test Vehicle 

The test sled consisted of two rings, four trucks (two forward and 
two aft), and Ik isolation skids—three for each forward truck and four 
for each aft truck. The rings were designed to bolt to the skirts of 
the forward and aft closures of the motor during motor assembly. Since 
the motor had to be assembled in the vertical position, the rings wer- 
designed with trunions to accommodate the cranes used to hold the motor 
while it was being rotated to the horizontal position and placed on the 
track. 

The trucks were the links between the rings an:' the isolation skids 
that fit on the rail heads. The skids were isolotr .''TOD the trucks by 
rubber in the pin connection to reduce the track-induced vibration exper- 
ienced by the motor during the run. The trucks and the skids were placed 
on the track, and the motor (bolted to the rings) was lowered onto thea. 

Target Configuration 

The target face was constructed of reinforced concrete 6 ft In depth 
with a 20 x 20-ft Impact surface. The concrete face was backed vith 3- 
in. steel plate and this, in turn, was backed with approximately 35 ft 
of earth fill, 20 ft high. The concrete was prefabricated in blocks and 
placed in position 100 ft off the muzzle end of the track. The target 
impact surface had openings to accept the sled trucks to insure that the 
test itosn experienced initial contact. Figure 1 is a view of the target 
before the test. 

Figures 1-23 appear at the end of the report beginning 0» peg« IS. 
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Instrumentation included overpressure gages,  seismographs, geo- 
phones, cameras, and radio-link telemetry. Because of the many unknown 
factors in this test, the choice of instrumentation was somewhat arbi- 
trary in seme areas. It was chosen in an effort to obtain optimum cov- 
erage by using a combination of suggestions from p"H groups concerned. 

Overpressure Gages. Overpressure was measured with Kistler piezo- 
electric and Ballistics Research Laboratory (BRL) gages. The Kistler 
gages use remotely controlled Ampex FR100 tape recorders to collect data; 
the BRL gages have a self-contained recording device. The pressure is 
sensed on a diaphragm that is attached to a stylus. The stylus scribes 
the diaphragm movements on an aluminum-coated glass disc. The disc is 
rotated by a chronometrically governed DC drive motor. Diaphratps rated 
to measure anticipated overpressures were placed in the gages. Figure 2 
shows a typical gage installation. Both types of gages were mounted to 
get side-on, pressure-time data. The Kistler transducer vas mounted at 
the top of the horizontal section of tubing shown in the photograph. The 
BRL gages were mounted flush with the ground surface. 

Locations of pressure sensors are shown in Fig. 3; Table 1 lists 
types of Kistler gages and the nominal pressure ranges of the BRL in- 
struments used at the various gage positions. The Air Force Rocket Pro- 
pulsion Laboratory, Edwards AFB, California, provided consulting services 
for the gage layout and provided the Kistler gages. (Table 1 is repeated 
on page 13 for reader convenience.) 
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Seismograph and Geophone Installations. Personnel of the Division 
of Seismology, Coast and Geodetic Survey, Department of Commerce, instru- 
mented the NOTS range area with seismographs and geophones to gather seis- 
mic data from the test. These data have been documented. 

Range Photography. The four major range camera functions were (l) 
surveillance of the motor during the run, (2) surveillance of the motor 
at impact, (3) gathering of velocity data from track muzzle to target 
impact, and (4) gs.thering of data on fireball growth. 

Table 2 lists camera types, positions, lens sizes, frame rates, 
types of film, fields of view, and information to be recorded. Figure k 
is a camera layout sketch in which the camera numbers correspond to those 
listed in Table 2. NOTE: N, E, and W figures denote distances in feet. 
from a common point at breech end of track. N = northerly along track, 
E and W = east or west of track centerline. This note applies throughout 
the entire report. 

Telemetry. A six-channel FM/FM telemetry package was mounte?. in 
the forward left-hand truck of the test vehicle to gather motor environ- 
mental data during the run. One purpose of recording TM data was to be 
able to determine the cause of malfunction in case of a gross failure 
of the motor during the run. The functions monitored included vertical 
and lateral vibration on the forward and aft rings, linear acceleration, 
and combustion chamber pressure. 

TEST PROCEDURES 

Preliminary Preparations 

First,  an assembly area was constructed at  track station 1?,700 ft 
north (4,000 ft from the target face)  and the necessary roadwork was 
done.    Then,  the week before the test motor arrived at KOTS,  the target 
was assembled and overpressure  instrumentation preparation was alerted. 
The motor was delivered to the range four days before the test and motor 
asccmbly was started the next day. 

Motor Assembly 

The motor wae ticnoported in three major units--the forward closure 
with igniter installed,  the cylindrical segment,   and the aft closure 
with nozzle installed.    The motor was assembled in the vertical, noaale- 
up position and rotated to the horizontal position with two 90-tcn craaes, 
then placed on the oled truck».    AoGembly and rotation took two days. 
Figure 5 shows the aft sled ring being put in position; Fig. 6 shows the 
motor being rotated to the horizontal position. 

^"Seismic Diaturbancee Generated by Titan III 68*>A Solid Motor T^st," 
by W. V. Mickey and T. R. Shugart, October 19<&. 
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TABLE 2.    Baxard Evaluation Ceaera ZoatruscBtatlon 

Caocra nisbera and locatlona correspond to the layout obovn Is PI«. D. 

Camera matter 
and typ« 

Location Leas Hate 
(pp«) 

PLLo 
1       ._. 

Field oi Tlev Perark» 

1.    Puui 16 
v?-3 

17,000'H x 3C'E 6" 2,000 Color »rar pt, 17,650'3 
30' vert x 1,300' hor 

Monitor l^Utloo 
530' travel 

5.    MiUlkan 
16m 

19,300'H x 30'E 6- too Color 
Par pt. 17,760*11 
Sear pt.  18,900'B 
60' vert x 1,200"  hor 

Haaitor >,2S0" travel 

3.     H'IUITT) 

16EX> 
20,300'!» x  30'E 6- WO Color 

7ar pt. la,^'!! 
Hear pt. 19,600'H 
60' vert x 1,200" hor 

Monitor 1,200' travel 

1*.    Photo-Saclcfl 
10B 

21,500'n X  1,100'E 7" 360 Color 21,W»'S  - <rl,700'B 
Hocltar 200' o-a«l, 
free fllafet,   'irpart 

5.   rut« ie 
WF-a 2i,roo'n x I,IOO'E 9" 6,000 Color JO'  vort x  52"  nor Meditz abot of  Item 

00 target 'ace 

6.   rut« it 
V?-3 21,700'B X 1,100'E 15" 2,000 Color 17' »ert x Jl' nor 

Cloeeup a? item oc 
torEet face 

7.    Faotax 16 21,700'B X  1,100'E U" It, 000 BGGXJI 66' vert x 125' tor Flretall 

5.    MLUlxen 
lien 

21,700'B x 1,100'E 10aa too Color 19,60O'B - E0,i00'B 
Trtvel fron 19,600'J 
to 2O,£C0'B 

9.    KUliicn 
16TE 

21,700'5x 100'E 10= fcOO Color 20,600'B  - tl,600"!t 
•eravel rroa so, 600'S 
to 21,fOO'S 

10.    Faotax 14 
W7-i 

21,G50*H X 320'E 6" i.,1/» Color 13' vert x 19' nor 
Closc-jp of lÄpatrt of 
I ten on target 

11.    iutax 16 
W?-3 

21,690'il x 320'E 12=n -,000 Color l',0" vert x 220" bor Frq^ect Alotribrtlaa 

12.    Eaatax 16 
W7-2 

»1,690'n x 320'W C" li,O00 Color 13*  vert x 19'  lior Itefi ori r^irget 

13.    Fastax  16 £•1,690'» x 320'¥ 12ns U,000 Color 150' vert z 220' hor PreBDttt tiSatrlfcutloo 

I*.    Fuut 16 21,700'B x 1,100'« 9" 6,000 Color 30' vert x S?f licr 
Bfcdlta ahot,   ttes 
Icpact 

13.    Paatax 16 21,70C'B x 1,100'V 15" ?,000 Color 17' varl x 31' hor 
Qooerp. of Staa 
Ispaxrt 

16.    raatax 16 21,700'U x 1,100'« v- U,000 eccm 66' vert x 125' Ivor rir«b»ll 

17.    Photo-Sonic». 
UB 35m 

21,700'jr x 1,100'V 6-i- 2,000 Color ?1,600'3 - tar»'«. 
Velocity la fr« 

IS.    Photo-Sowc» 
1C lCns 

21,700'B x 1,100'V >- 1,000 Color Sl.iyo'» - targot 
lopaict 

15.    Pfcoto-Sonlca 10,000'!? x  3,000'B 75' 500 Color N-»5 track lot Gn B-^ road 

*0.    HiliUcr. 
16m 

10,000'B x  3,000'E .-!»* MX) Color KA5 trackln« Co S-A ns«3 

21.    Ptoto-3onle« 
10A 70m 

10,000'H 1  J,000'K I»- w Colin- KA> trartli« Oo ft-* rout 

?"..    ?hoto»5onlca 
LB lion 

21,660'S « U»'g r 1,*/» Ojlo» JO' *«rt x *V tsar Cot* tuyast il*t» 

23.    Photo-Sootc» 
LB lta 

»1,680'B x U»'w i" .1,0» Oalur JO* »ert x »>" at» Qe**- ufflpa^l tialM 

»SI 
llPI 

«pill 
P^Ä 

•»B^ä! 
if 

mm 

^sssJö 

H^8'.^ 

i 

'^«^"V: 



»HS: 

TPR 361 

The day before the test, the telemetry package was Installed and 
checked out; the destruct receiver and decoder were mounted on the motor, 
and the motor was prepared for firing with the exception of installing 
the initiator and destruct charges. Instrumentation checkouts were in 
progress during the week. Figure 7 shows the motor ready to be fired. 

Test Firing 

The test was fired at 1320 hours on 13 June 196U.    The motor per- 
formed as predicted for the k,000-ft run,  striking the target at a. meas- 
ured velocity of 667 fps.    The 100 ft of motor free-flight from the track 
muzzle to the target was as ballistic studies had predicted and the sled 
trucks entered the target access holes so that the motor igniter Stade 
first contact with the target.    The following atmospheric conditions ex- 
isted at the time of the test: 

Wind 
Temperature 
Humidity 
Atmospheric pressure 
Density 

8.5 fps from l80 deg 

1336 
926.3 millibars 
0.0020U slugs/ft3 

TEST RESULTS 

Photographic Data 

Surveillance film shows that the motor penetrated approximately six 
ft into the target before failures were apparent.    The case expanded and 
cracked at the forward end of the motor in both quadrants on the vest 
side.    The cracks propagated to the aft end of the segment as the motor 
tried to penetrate deeper.    The first aign of fire came from the front 
of the motor after target penetration.   After the motor hod entered the 
target to approximately half the motor length, the aft closure ruprtwred 
around the nozzle followed by complete destruction of the motor.    Figure 
8 chows enlarged 16mm film sequence of motor impact.    The force of the 
explosion left a crater approximately seven ft deep where the target 
had been. 
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Figure 9 is a series of pictures of the propellent after it was ex- 
pelled from the motor (turning propellent wat* thrown as far as 3,000 ft 
from the impact point).    Figure 10 is a sample of the size of the pieces 
of ur.burned propellent,  most of which was found along the track.    The to- 
tal atourt o:* »mbtu-ned propellant was quite small.    Residue on the ground 
surface left by the impact of the burning propellent was roughly circular 
in shape and varied from two inches to ten i>et in diameter.    The sand 
was melted and the residue had the appearance of aluminum. 

Figure 11 shows typical residue from burned propellant.    The for- 
ward closure (Fig. 12) was found 270 ft beyond the target site.    Figures 
13,  V-i,   and 15 shov the debris to the east,  west,   and north of the target 
location; Fig. 16 shows the nozzle and other debris in the crater; Figure 
17 shows the target face from the track muzzle before and after the test. 
Travel of seme fragments was found as shown in Fig. 18.    Descriptions of 
the fragments are keyed to the numbers in the graph.    Figure 19 is a mon- 
tage showing large pieces of debris found between 1,260 and 2,500 ft froa 
point of impact (see note,  page h). 

Telemetry Data 

The firing pulse was sent from the SHORT programmer at zero time, 
and all the following events, taken from the TM record, are referenced 
to that time: 

Motor ignition 0+209 ms 
Sled first motion 0+W+3 ms 
Time of impact O+I3.307 sec 
Thrust-chamber pressure +550 psi 
Average acceleration •sl.Jffi 

Data from the four vibration chanpela were net assessed since they 
are not pertinent to thf. evaluation of the test.    Sections of the TM 
record are shown in Fig. 20. 

Pressure Cage Data 

The chief source of data from the overpressure instrumentation case 
from the BRL gage».    There was a failure of the Kistler gage recorder 
on leg #2 and no information was recorded by the Kistler gages at that 
location.    The failure could not be reproduced after the test;  therefore, 
the cause is unknown.    However,  Kistler gages at distances of 51? and 
1,130 ft on leg #3 apparently provided valid overpressure data vhicta,  in 
general,  agreed vith the data obtained from the BRL gages at the aaae 
locations.    Additionally, all three Kistler gages on leg #5 yielded tijae 
of arrival of the chock wave. 
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Table 3 gives the gage stations.    >eak overpreseures,  duration of 
overpressure wave,  and impulses as e<„ puted for the BRL gages by the 
Ballietlco Rv.aeorch Laboratory and i;.   the Kletier gages by the U, S 
Naval Ordnance Teat Station.   Figure 21 Is a graph of the overpressures 
compared to reference curves for U,100, 8,200,  and l6,U00 lb of TUT,  as 
derived from BRL Memorandum Report Ho, i|5.l8*; pig, 22 Is a plot of io- 
puAs« fnefL&urmmfö u§l*]g F»£§j'§m»§ QUFV§§ for tto§ 8bov§ aia©uDt>§ of !SftV 
as derived from a scaled impulße versus scaled distance curve prepared 
by C. Kingery of BRL.** 

TAB«? 3.   Ovorpi'jSflvro iwvt tepyjo? tot» 

Distance O/erpreasure FMle« Durs'.laa Icpulte 
(ft) (P»l) (=») (D3l   - es) 

2SL GACZ3 

L*a#i 
aortb 

D 512 l.i. 70.5 tO.1 
V 1,130 O.J26 81.2 13.2 
T l,5co 0.J2U 8ß.l 13-5 

Lüg #2 
«r«t 

A 91 2*.l< 3*.l 250. 
3 11* u.e 39-9 1W.. 
B 15* 11.0 "•2.5 US- 
C 266 I;.h *>9-0 75-3 
c 2£6 i.,2 58.5 93-8 
D 512 2.0 «8.? f>9-S 
D 512 Bo Record -- —• 
Z 1,130 Jlo Record -- • 

L*8 #3 
(22) 

A 51 ••2.3 ••1.9 5*1. 
B 15* Poor Record -- -- 
c 266 9-0 43.7 150-> 
C 266 7-9 50-3 163.S 
D 512 2.07 70.1 66-2 
E 1.130 0.763 68.? 29.1 
? 1,500 O.ML 115-9 20.8 

»I-SELER «CK, 

Leg *2 510 Ricard _. ._ _- 
V»ot 

I-eg («3 
.    <SE) 

C Poor Rocard .. -- -- 
D 512 2.1 »•7. ^?. 
S 1,130 0.6o 89- 29- 

Ballistics Research Laboratory. "Peak OverpreaBure Vs» Scaled 
Distances for TUT Surface Bursts." April 196U. BRL Memorandum Report 
no. 1518. This report covers aeasurements mode on 5"> 20~» a^d 100-ton 
hemispherical charges. 

„__.-.. Curve ie based on data recorded from 5», SO-, and 100- 
ton TTCT surface buroto and van transmitted to KOTS by BRL letter, C. R. 
Kingery/sri/31258» dated H September 196U» 
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The times of arrival of the overpressure wave were taken from the 
Kistler gage record on the southeast leg.    The times are taken froa 9 o*s 
after initial impact (as measured by sledborne telemetry)  tc the leading 
edge of the overpressure pulse and are as follows: 

266 ft from impact  - IU5 ms 

512 ft from impact  - 22k ms 

1,130 ft from Impact - 8kh ms 

The 9 ms cited above is an approximation accounting for the inter- 
val between impact and initial, rapid expansion of the fireball. 

The average velocities of the pressure wave calculated from the 
distances and times listed above are as follows: 

From target to 266 ft 

From 266 ft to 512 ft 

From 512 ft to 1,130 ft 

CONCLUSIONS 

1,83^ fps 

1,37** fps 

1,188 fps 

Inspection of individual valueo for overpressure and impulse shows 
a tendency for gages close to the target on the southecst leg (#3) to 
run higher than corresponding gages on the west leg (f?). Cage records 
from the north leg (#1) ran lower than those from corresponding positions 
on the weot and southeast legs. This is anticipated behavior since gages 
on the southeast leg near the target were expected to aenae overpressure 
reinforcement resulting from target reflections, and gages on the north 
leg were sheltered from the full effect of the bla>jt by the target oass. 

Table U shova values of TNT equivalent yield in poundn and .per- 
centages : 
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TABLE k-    TAT Seuivslercy value* 

Gage Lin« 
Av. yld in 
lb TOT froe 
ptntc preosure 

Av.  <* yid 
frca  peak 
prcoaurc 

Av. yid  1Q 
lb TOT Trees 
Irrpuitte 

AT.  $ yla 
froe 

L»3 1   (*) 3,3«i 1.0 3,700 k.5 
Leg ? (U) I..900 5-9 '.,700 5-7 

r«g 3 (SH) 8,aoc 10.6 9,500 LI.6 

Average* 5,700 0.9 6,000 7-3 

Average** b.UKO 7-8 s.aoo 6-3 

Average*"* 6,100 7-4 5,700 7.0 

Giving etpial wclRht to each leg. 

Clvlng equsl weight to each gage record. 
1 

OBlttlnti all record» on leg 1,  records at 9X nad SC6 n or. lea 3, 
and pressure record at 9i ft»  Leg ?.    Equal i/eigfit assigned to eacfc 
of the rcsalnlag B&gc records. 

Yields derived from peak pressure were based on the following formula: 

"".(fe) 

W = yield In lb of TNT 

V   m 1 lb of THT o 

p   « ambient air density 

Actual distance I 
Scaled distance 

p   » air density at 1,013 nb preoaure and 59*P 

Actual distance a distance from target impact to gage 

Scaled diatance » ecoled distance corresponding to ratio: 

recorded overpressure   ofl^ah<wn „ töM. 
«sab lent preoeure 
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Yields based on impulse data were derived by interpolation between 
computed TNT weight versus impulse values which, in turn, were derived 
from the BRL curve used as the source of reference lines on Fig. 22. 

In general, the recorded overpressure-time histories were classi- 
cal in shape; however,  a few BRL records exhibited an unusually long 
rise time to peak pressure.    Figure 23 shows typical gage records,  four 
of which are from BRL gages and one is from a Kistler gage.    The Kistler 
gage record at 512 ft on the SE leg was less regular in shape and more 
difficult to interpret than the record of the Kistler gage at 1,130 ft 
on the same leg. 

Because of inherent limitations, BRL gages at 91 ft on the west 
and southeast legs had only marginal capability in detecting true peak 
pressure at this distance from the blast.    This may account for the low 
peak pressure values at 91 ft as contrasted with the trends shown by 
other gages on the west and southeast legs,  and as contrasted with im- 
pulse values for the gages at 91 ft. 

The relationship between the energy release associated with the 
propellant reaction at impact and the blast wave is obscured somewhat by 
other factors,  some of which may contribute to the blast wave and some 
of which detract from it.    Two possible contributors ore kinetic energy 
and the rupturing of the motor case as a pressure vessel.    The computed 
kinetic energy contribution combined with the computed rupture action 
can account for J:;ss than 1$ of TOT equivalency for the assumed 82,000 
lb of propellant at impact.    On the other hand, the pro rata division of 
all available energy into principal effects (i.e.,  creation of a blast 
wave,  target and motor destruction,  and fr*».gment dispersal)  is very dif- 
ficult to determine.    It is apparent,  however,  that energy required for 
destruction and fragment dispersal, is not available for blast wave forma- 
tions in the atmosphere. 

In view of the above,  it is considered that the best estimate of 
TOT equivalency for the test item under the test conditions experienced 
is 7>5^>  plus or minus 2$. 
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PJG. 1. Target. Used In 62Uk Motor Impact Test. 
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rLocation of Kjjtltr goga 
in gage mount 

Top of BLR gage > * 
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FIG. 2.    Enlarged Film Frame Showing Typical Blast Cage Installation. 
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Location Chart. 



'TPR 381 

T)r7000H.fhO£. 

I7.700K1 
START1UG POIUT 

FlC. i.    Ca=era Layout Used in Hazard Evaluation Test. 
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FIG.  b-     Inc tail at ion ui' Al't ;'>1'J0 Hing. 
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?IG. 6. Rotation of Test Motor Before 
Being Mounted on Track. 

FIG- 7. Motor Ready for Firing. 
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FIG. 8,    EM-nrged Sequentinl Film Frames 
Jfhovinp, Motor Imp&yt. 
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f IG. 9. Photographic Cequenoc After Motor Impnct as Viewed Fran 
a Distance of U.l Miles. Sequence is from top to bottom. 



___. ^ 

A' 

m 

4K> 

FIG. 10. Typical Pieces of Unturned Propellant. 
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FIG.  11.     Typic.-J. Residue I'rao Burned  lTopellnnt 
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FIG.  12.     Forward Closure. 
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FIG.   13.     IXibriü  to  EnBt  oi' T.irgct. 
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FIG.  1U.     Debris to ,.7c-ct of Target. 
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FIG. 15*     Debris to North of Target. Arrow points to position 
of forward clouure shown in cloocup view, Fig. 1C. 
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FIG. 17.  Target as Viewed From Track Muzzle 
Before and After Test. 
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LEGEND 
D  Motor fragments 
•  Propellant burns 

A  Concrete fragments 

00  Multiple   burns 

Scale   !"• 600' 
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Description 

Residue of turned propellant 

Residue or burned propellAnt 

Residue af burned propellent 

Fragejen t of rear'notor closure» approx. 7'x3* 

Freuest of sled ring»  approx. 5-5* long 

FrcgBent of aotar cue, approx. 2.5,x*.5* 

Prugnent of concrete» apprax. 300 lb 

Present of concrete» appro». 12 lb 

Four aarhj» of burned propellant 

Tm tears» of burned propellent 

Praggeat af rmtnr case, approx. -**6* 

Pregnant of ootor case, apprax. U'IW* 

Residue or burned propellent 

Residue cf burned propellent 

Residue of bttmed propellent 

Pratpent of color Insolation» approx. 

Fregnent of ootor insulation» apprax. 

Präsent cf motor ease» approx. 8'ma* 

Pragcent of cotor Insulation,  approx. lS^xlB* 

Fragaeat of notcr Insulation» approx. 2a"xl51' 

Fragceat of concrete, approx. I"0 lb    *t*.» 

Frernent of concrete, appro». 5D0 lb. 

Pregnant of isotor» approx. 2*xa" 

Line cf residue fro» burned propellant 
Residue from burned propellant 

Residue fron burned propellent» approx.  I1 dien 

rraoBtent of concrete, appro». 1V> lb 

Residue of burned propellent 

Residue of burned propellant 

Residue of burned propellant 

Pragoent of concrete', approx. 200 lb 

Residue of burned propellant, appro«, id-' lUaa. 

la-xlä" 
lß*U3" 

FIS. l8.    Dloperoion of Fragnenta 
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19,800' M i 1,475'E        (2.40°' SE af ;rnP0Ct P0'"*) v> 
vj- v 

-£**** 

22,100' H M I.ZOO'E      f 1,260' HE o< Impact paint) 

22,000* H  t 1,200'E       (l,240' HE of impact point) 

(»,400'N t  t00*#       ft.SOo'SW« 

FIG. ig. Montage Shoving Large Pieces of Debris, 
(Gee note on prtge U, third paragraph.) 
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Legend: 

e     Leg 01   (N)    BRL 

o     Leg »2 (W)   BRL 

4,100 

Note: 
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Wf FIG. 22.    Graph Showing Impulse Vs. Distance. 
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(c) BRL goge 1,130' 

Leg 0 3  (Southeost) 
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(d) Kistler goge 1,130' 
leg • 3   (Southeast) 

FIG. 23»    Typical Blast (Jage Heeordo (Rote 
Scale Variation). 
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